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ABSTRACT
The present day spectrum of the extragalactic background light (EBL) in UV,
optical and IR wavelengths is the integral result of multiple astrophysical processes
going on throughout the evolution of the Universe. The relevant processes include star
formation, stellar evolution, light absorption and emission by the cosmic dust. The
properties of these processes are known with uncertainties which contribute to the
EBL spectrum precision. In the present paper we develop a numerical model of the
EBL spectrum while maintaining the explicit dependence on the astrophysical param-
eters involved. We constructed a Markov Chain in the parameter space by using the
likelihood function built with the up-to-date upper and lower bounds on the EBL in-
tensity. The posterior distributions built with the Markov Chain Monte Carlo method
are used to determine an allowed range of the individual parameters of the model.
Consequently, the star formation rate multiplication factor is constrained in the range
1.01 < Csfr < 1.69 at 68% C.L. The method also results in the bounds on the lifetime,
radius, dust particle density and opacity of the molecular clouds that have large am-
biguity otherwise. It is shown that there is a reasonable agreement between the model
and the intensity bounds while the astrophysical parameters of the best fit model are
close to their estimates from literature.
Key words: galaxies: star formation – galaxies: fundamental parameters
1 INTRODUCTION
Extragalactic background light (EBL) is a radiation emitted
by stars and cosmic dust throughout the whole lifetime of
the Universe at ultraviolet, optical and infrared wavelengths.
In ultraviolet and optical spectral region it is dominated by
the star radiation while the infrared spectrum is determined
by emission of the dust. The understanding of the EBL is
an attractive task for several reasons. First, the origin of
EBL is directly connected to the star formation history and
may shed a light on the details of the evolution of the Uni-
verse. Second, EBL is a key element in multiple physical
processes in the intergalactic space. One of these processes
is the attenuation of the high energy gamma-rays by the pair
production on background photons Nikishov (1962). Given
a photon with the TeV energy, the pair production cross-
section has a maximum for infrared photons, which consti-
tute an appreciable part of the total flux of EBL. Therefore,
an accurate knowledge of the EBL spectrum is important
for reconstruction of the intrinsic spectra and understand-
? E-mail:aa.korochkin@physics.msu.ru
ing the emission mechanism of the distant blazars Gilmore
et al. (2012), Franceschini & Rodighiero (2017).
Finally, recent studies report anomalies in the recon-
structed spectra of the distant blazars. As was shown
in Horns & Meyer (2012); Rubtsov & Troitsky (2014), the
application of the most conservative EBL models results in
the upward breaks in the intrinsic spectra which are unlikely
to be explained by the source-intrinsic features. The position
of the break corresponds to the energy at which an attenu-
ation becomes significant and the magnitude of the break is
stronger for more distant sources. The spectra of the blazars
will be free from artificial features if the real density of the
EBL flux is at least twice weaker than one in the most con-
servative models. The discussion of the possibility of such
a significant reduction required a detailed analysis of the
physical factors accounting for EBL formation. The alter-
native explanations of the anomalous transparency of the
Universe include new physics with the hypothetical axion-
like particles, see Troitsky (2017), De Angelis et al. (2007),
Simet et al. (2008), Fairbairn et al. (2011) for a review and
new astrophysics Essey & Kusenko (2010), Dzhatdoev et al.
(2017). In the latter class of models it is assumed that addi-
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tional high-energy gamma-rays are produced as the secon-
daries in the cascades, initiated by the gamma-rays or the
ultra-high-energy protons emitted at the same sources.
The estimation of the EBL is a complex problem for
which several approaches both experimental and computa-
tional have been developed. First, a large group of methods
is based on the observations. A direct observation of EBL
is a challenging experimental problem because of the domi-
nant contribution of the Zodiacal light and emission of the
Galaxy in the same spectral region. For this reason, these
methods in turn may be split into the two categories. In the
first case unwanted contribution is avoided using the galaxy
count method. The method relies on the deep field observa-
tion of the galaxy and the EBL is estimated as the sum of
the fluxes of the discrete sources Keenan et al. (2010),Madau
& Pozzetti (2000). As it follows from description this ap-
proach can only estimate the lower limit of EBL due to
possible undercount of the galaxies beyond the sensitivity
level of the instrument or underestimation of the faintest
areas of the objects detected Bernstein (2007). Another way
to make measurement free of the Zodiacal and Galaxy light
corrections is to invoke special techniques to subtract the
background contributions. That results in EBL considerably
higher than that inferred from galaxy count method Mat-
suura et al. (2017),Mattila et al. (2017).
Another large group of approaches is based on the nu-
merical calculation of the EBL. These methods differ by the
basic assumptions made and may be divided into several
subgroups. The first category is based on the evolution in
time of the galaxy properties. Such an evolution may be
obtained either by direct observations of galaxy evolution
or indirectly estimated according to some prescription. This
method was used in some of the first models of the EBL
Madau et al. (1998), Pei et al. (1999), Kneiske et al. (2002),
Kneiske et al. (2004) and it is still relevant due to the recent
large-scale surveys at ultraviolet and infrared wavelengths
Finke et al. (2010). Another category of approaches uses a
backward evolution of the present day galaxy emissivity ac-
cording to a given prescription and accounts for the change
of the star formation rate and other redshift dependent fac-
tors Franceschini & Rodighiero (2017), Franceschini et al.
(2001), Rowan-Robinson (2001), Franceschini et al. (2008),
Dominguez et al. (2011), Stecker et al. (2016).
The last scenario for treating EBL is so called the for-
ward evolution approach. This is the most fundamental and
challenging way of calculation. It starts with the very ba-
sic assumptions about the Universe and it’s structure for-
mation. Often the structure formation process is based on
semi-analytic models of cold dark matter merger trees Pri-
mack et al. (1999), Gilmore et al. (2012). Being the most
complete, the method allows to pinpoint the physical rea-
sons for time-dependence of the EBL.
In this Paper we follow the second scenario and present
a numerical model of the EBL built upon the dynamics of
the star formation and the evolution of stars. Our goal is to
build a model with the explicit dependence on the underly-
ing astrophysical parameters. The analytic part of the model
is explained in Section 2 and the numerical part is presented
as a publicly-available code1, see Appendix A. The model al-
1 https://github.com/Semk0/EBL-model
lows to explore the parameter space with the Markov Chain
Monte Carlo (MCMC) method. For this purpose in Section 3
we build a likelihood function for the EBL spectrum using
the modern upper and lower constrains at multiple wave-
lengths. The resulting marginal posterior distributions for
the parameters involved are given in Section 4. It is shown
that several parameters, including the multiplication factor
of the star formation rate and the lifetime, radius, dust parti-
cle density and opacity of the molecular clouds of the molec-
ular clouds are solidly constrained by the EBL observations.
The results are summarized in 5.
2 MODEL
Our goal is to build the empirical model of the formation
and evolution of stars and galaxies. The model we plan
to construct will be then directly translated into the EBL
spectrum. It’s unavoidable for the model to be dependent
on a number of astrophysical parameters, which are known
with a limited precision. We will keep these dependencies
explicit, so the parameter space may be further probed with
the MCMC technique.
At first the contribution of stars to the EBL will be
described, and then the absorption and re-emission of light
by dust will be taken into account. We use the standard
ΛCDM cosmological model to derive the functional depen-
dencies between comoving distance r, redshift z and time t.
r(z) = c
H0
z∫
0
dz√
Ωm(1 + z)3 +ΩΛ
(1)
z(t) =
(ΩΛ
Ωm
) 1
3 [ sinh(3
2
ΩΛ
1
2 tH0)
]− 23 − 1, (2)
where the Hubble constant H0 = 67.8 km/s/Mpc, the mat-
ter density parameter Ωm = 0.309, the dark energy density
parameter ΩΛ = 0.691 and c is the speed of light. The pa-
rameters of the cosmological model are measured within the
high accuracy Ade et al. (2016) and therefore are consid-
ered fixed for the purposes of the present study. We assume
Chabrier initial mass function (IMF) to describe mass distri-
bution of newborn stars Chabrier (2003). Following Gilmore
et al. Gilmore et al. (2012) we assume that the IMF doesn’t
depend on the redshift:
ξ(m) =
{
Cimf
m e
− (log(m)−log(m0))22D if m 6 1,
km−aimf if m > 1.
(3)
Masses of stars are measured in the units of the Solar mass.
The parameters m0, D and a will undergo variations while
Cimf and k are determined from normalization and conti-
nuity. The initial mass function is bounded form below by
the minimal mass mmin = 0.08. If the mass of the star is less
than mmin then the hydrogen thermonuclear fusion reactions
in the core will not ignite. The upper bound of the mass dis-
tribution mmax is another free parameter of the model. The
initial values for the variable parameters of the IMF are:
m0 = 0.079, D = 0.69, a = 2.3 and mmax = 100. For the sake
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of convenience we will use mass normalization of the IMF:
mmax∫
mmin
mξ(m)dm = 1 (4)
The mass of stars, born at redshift z per unit time per
unit volume is described by the star formation rate (SFR)
ψ(z). Here we will use SFR, obtained in Gilmore et al. (2012).
We parametrize the SFR with a single multiplication factor
Csfr with initial value equal to unity.
To determine the spectrum of the star with the mass
m at the age η near the surface of this star we use stellar
evolution tracks calculated by Hurley et al. Hurley et al.
(2000), which give us radius R, temperature T and life-
time ηlife dependence on age. Let’s define this spectrum as
B(λ,m, η, z = 0) there the last argument is reserved for the
redshift.
Bs(λ,m, η, 0) = 2pihc
2
λ5
1
e
hc
kT (m,η)λ − 1
(5)
If we consider the star at the distance r from the detec-
tor, the registered emission will be different from (5), due to
geometric dilution and cosmological redshift. The time η now
will denote the age of the star at the moment of the emission
of radiation registered today. To calculate new spectrum we
use a standard trick: replace λ by λ1+z and divide the full
expression by (1 + z)3. First (1 + z) is responsible for de-
creasing the energy of the photons, second is responsible for
decreasing the number of registered photons per unit time
and the last is responsible for broadening of the spectrum.
Also the expression must be multiplied by the geometrical
factor
(
R(η)
r(z)
)2
:
Bs(λ,m, η, z) =
( R(m, η)
r(z)
)2(1 + z)−3B( λ
1 + z
,m, η, z = 0) (6)
Distance r(z) is calculated by (1).
Using the above definitions one may write an expression
to determine the spectrum of a galaxy of age ηg and redshift
zg. Moreover, we assume that the star formation began in
all galaxies simultaneously at time ti . The light emitted at
time ti is now registered with the redshift zi = z(ti). Then the
galaxy age ηg and redshift zg are related with the expression:
ηg = t(zg) − t(zi) (7)
The function t(z) is the inverse of (2). Thus we obtain for
galaxy spectrum:
Gs(λ, zg) =
mmax∫
mmin
dm
ηend(m)∫
0
dη′Bs(λ,m, η′, zg)ξ(m)ψ(t(zg) − η′)
(8)
Upper limit ηend in time integral depends on the mass and
determined by
ηend(m) = min(ηg, ηlife(m)) (9)
On the other hand the presence of dust and absorbers in
the galaxies and interstellar medium should be taken into
account. Following Charlot & Fall (2000) we assume, that
the star formation took place only in the giant molecular
clouds which will cover the newborn stars with the shell of
dust and gas. Dust grains consist mostly of graphite and
silicate, so they have non-zero absorption coefficients at vis-
ible and ultraviolet wavelengths. Thus they will be heated
by the newborn stars and re-emit in the infrared part of the
spectrum.
Let us now specify the dust model. According to Char-
lot & Fall (2000) we assume that the birth clouds have finite
lifetimes ηc. The parameters of the cloud such as particle
number densities and outer radius Rc stay constant through-
out its life, whereas the temperature of different components
may change due to evolution of the stars in the center. More-
over, we assume for simplicity that dust has constant particle
number density through the entire cloud which is defined by
the parameter nd. We do not account for the other features of
the internal structure of the cloud and following Charlot &
Fall (2000) the optical depth will be treated as a free param-
eter with the two characteristics. First one is the normaliza-
tion, which corresponds to the optical depth at wavelength
λ0 = 5500 A˚ and the second is a spectral slope n. Thence,
optical depth at the arbitrary wavelength is determined by
τ(λ) = τλ0
( λ
λ0
)−n
(10)
We assume that the star formation occurs in the center
of the birth cloud, so there exists such a value ρ  Rc that all
newborn stars are located in the imaginary sphere Sin with
radius ρ. First of all we calculate spectrum Bc(λ, η, ρ) of the
newborn stars at the age η on the boundary of the sphere
Sin. On this step we neglect absorption and dependence on
redshift:
Bc(λ, η, ρ) =
mmax∫
mmin
dm
ηcend(m)∫
0
dη′
( R(η′)
ρ
)2×
B(λ,m, η′, z = 0)ξ(m)ψc(η′)
(11)
where ηcend(m) = min (ηc, ηg, ηlife(m)) by analogy with (9) and
ψc(η) denotes mass of the matter converted into stars in the
cloud at the age η per unit time. The total mass of the gas
converted into stars throughout life of the cloud M0 is given
by:
ηc∫
0
ψc(η′)dη′ = M0 (12)
For the sake of simplicity suppose that ψc(η) stays constant
in time so that:
ψc =
M0
ηc
(13)
On the other hand, ψc directly proportional to ψ(t) with the
coefficient ncl(t) which denotes the number of clouds per unit
volume.
ncl(t) =
ψ(t)
ψc
=
ψ(t)ηc
M0
(14)
Equation (14) will be used for calculating the spectrum of
newborn stars in the galaxy. Applying (10) we estimate the
absorption for light propagating from ρ to r.
Bc(λ, η, r) =
( ρ
r
)2
e−τλ0 (
λ
λ0
)−nBc(λ, η, ρ) (15)
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where we again neglected the redshift. Thus Bc(λ, η, Rc) de-
notes contribution of the stars to the spectrum of the cloud
calculated on the cloud’s boundary. The full spectrum of the
cloud contains an additional contribution of dust. Now we
describe the assumptions regarding properties of dust. Fol-
lowing Martinez-Galarza et al. (2009) the dust grains are
spherical with sizes a distributed by the power law:
dn(a, a + da) = Cda−ndustda (16)
Initial value for the slope of distribution ndust = 3.5. As the
sizes of grains are constrained, distribution should be trun-
cated with minimal grain size amin and maximal amax. We
will start setting amin = 5 nm and amax = 500 nm. As men-
tioned above the dust particle number density is constant
and allows us to determine normalization constant Cd.
Cd =
(ndust − 1)nd
a−ndust+1min − a−ndust+1max
(17)
Equilibrium temperature Td(a, r) of dust grain of size a
at the distance of r may be found from the energy balance
equation:
pia2
∞∫
0
Qaabs(λ)Bc(λ, η, r)dλ = 4pia2
∞∫
0
Qaabs(λ)BPl(λ,Td(a, r, η))
(18)
where emissivity and absorptivity coefficient of grains with
size a are equal due to Kirchoff’s law and denoted as Qaabs(λ).
BPl(λ,Td(a, r, η)) is the Planck’s law of emissivity.
To find out the full contribution of dust we should in-
tegrate over the grain size and over the distance r. Thus we
obtain final formula for calculating dust spectrum:
Bd(λ, η) =
Rout∫
ρ
dr 4pir2×
amax∫
amin
da
( a
Rout
)2
Cda
−ndustQaabs(λ)BPl(λ,Td(a, r, η))
(19)
In the mid-infrared the principal contribution comes
from the polycyclic aromatic hydrocarbons (PAH)
molecules, which absorb the starlight producing the
spectral lines. The corresponding cross-sections σ, damping
constants γ, and cutoff energies λc assuming Lorentzian
spectral shape are well known and may be found, for
example, in Krugel (2003). The PAH spectra is calculated
as follows:
BPAH (λ, η) =
Rout∫
ρ
dr 4pir2 × nPAH
∞∫
λc
dλ′ Bc(λ′, η, r)×
∑
i
(
σi
γic3/λ4
pi2( c2
λ2
− c2
λ20
)2 + (γic2λ )2
) (20)
where nPAH is the particle number density of homoge-
neously distributed PAH molecules, and summing goes over
the full set of resonances.
Summarizing the above the full spectrum of the galaxy
with redshift zg is expressed as:
G(λ, zg) = Gs(λ, zg) + Gc(λ, zg) (21)
where:
Gs(λ, zg) =
mmax∫
mmin
dm
ηend(m)∫
0
dη′Bs(λ,m, η′, zg)ξ(m)ψ(t(zg) − η′)
(22)
ηend(m) = Max(Min(ηg, ηlife(m) − ηc), 0) (23)
Gc(λ, zg) =
ηc∫
0
dη′(Bd(λ, η′, zg) + BPAH (λ, η′, zg)+
Bc(λ, η′, Rout, zg)) ηcM0
ψ(t(zg) − η′)
(24)
Finally, the spectrum of the whole Universe is obtained by
integration over the distance, taking into account Calzetti’s
attenuation law Ccalz (λ) for diffuse dust component Calzetti
et al. (2000).
U(λ) =
r(zi )∫
0
dr 4pir2Ccalz (λ)G(λ, zg(r)) (25)
3 METHOD
The model of the Section 2 keeps an explicit dependence
on a number of parameters. The preferred values and con-
fidence ranges for the parameters will be calculated using
the Markov Chain Monte Carlo method. The Markov Chain
is constructed with the Metropolis algorithm with the stan-
dard likelihood function
L =
∏
i
e
− (y−yi )2
2σ2
i , (26)
where yi and σi are the values and errors of the experimental
points. The one-sided limits are included in the product only
if y > yi for lower limits and if y < yi for upper ones.
The likelihood is based on the three categories of the
data points which are the lower and upper limits of the
EBL and direct measurements. The lower EBL limits usually
come from the galaxy count method and provide strict con-
straints, see Table 2. The upper limits appear either from
the direct measurements at the wavelengths where contri-
bution of the Zodiacal light is significant or from the direct
measurements combined with some special technique to sub-
tract the excess, see Table 3. We do not include here the
constraints from the gamma-ray observations due to pos-
sible uncertainties in AGN’s spectra. For the wavelengths
longer than 200µm the direct measurements are used as it
is believed that Zodiacal light contribution is neglectful. We
have also added Pioneer 10/11 results because their mea-
surements were conducted far from the region of the poten-
tial Solar system background affects, see Table 4.
MNRAS 000, 1–9 (2018)
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Figure 1. Extragalactic background light spectrum. Red line is our best fit result. Blue line is for Gilmore et al. Gilmore et al. (2012)
semi-analytic model. Green and brown lines are for Andrews et al.Andrews et al. (2017) and Franceschini et al.Franceschini & Rodighiero
(2017) correspondingly. Upward and downward pointing arrows indicate lower and upper EBL limits, see Table 2 and Table ??, circles
is for direct measurements, Table ??.
4 RESULTS
The Markov chain is built as described at Section 3. Each
step of the chain requires to repeat the full calculation of the
EBL, so we employ the parallel implementation of the code
with OpenMP. The chain of the length 42000 is constructed
and made available at the 2.
Given the model and the chain, we begin with prov-
ing the consistency of the model and then discuss possi-
ble systematics. The EBL spectrum with the best likelihood
set of the parameters is shown in Figure 1. The parame-
ters inferred from the MCMC are in a good agreement with
the commonly used values, see Table 1. Spectrum demon-
strates good accordance in ultraviolet, optical and far in-
frared bands with the popular models Gilmore et al. (2012)
and Franceschini et al. (2008).
We do not account for the AGN’s contribution because
it is sub-dominant and moreover is subject to large uncer-
tainty Andrews et al. (2017). This contribution may modify
the result considerably for λ < 0.4µm and therefore we didn’t
2 https://github.com/Semk0/EBL-model
account for the experimental points in this range. Another
assumption of the model is that all the cloud’s parameters
are equal. This means that all the diversity of the star form-
ing objects is reduced to only one type of the clouds. We
believe this is enough to grasp the main behaviour of these
objects.
Let us now describe the outcomes of the main part of
the research. All the parameters are divided into four group
according to the way they are treated. First group contains
the parameters of Chabrier Initial Mass Function namely
m0, D, aimf. They are already limited in Chabrier (2003)
so we set the existing confidence intervals as an available
freedom for each parameter. The calculations show that the
EBL is insensitive to m0 and D, while it depends strongly
on aimf. The resulting value is aimf = 2.29+0.15−0.24 which is more
narrow than the limits from Chabrier (2003). The parameter
aimf governs the number of massive stars thus this result
indicates that the massive stars play an important role in
the EBL formation.
The next group contains the dust parameters and in-
cludes minimal and maximal grain sizes and the slope of
the distribution ndust. We let them vary in a wide range ex-
MNRAS 000, 1–9 (2018)
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Figure 2. Distributions of the parameters of the clouds, including radius Rc, lifetime ηc, dust particle density nd, optical depth at 5500A˚
τλ0 , optical depth slope n and cloud efficiency M0.
cept for lower limit for the minimal grain sizes and upper
limits for the maximal grain sizes which are 10−3 µ m and
1 µ m correspondingly. After the simulations we found that
the grain sizes are constraint as: amin < 1.75 · 10−3 µ m and
amax < 22.8 ·10−3 µ m. This is due to the higher emissivity of
the bigger grains and thus greater contribution to the EBL.
The slope of the distribution ndust should be more than 3.83.
The result may be expected at the large grains contribute
more and their amount should be limited.
The third group collects all the parameters of the
clouds, see Figure 2. Basically, the properties of the molec-
ular clouds are known from the observations of the Milky
Way, for more details see, for instance, Murray (2011). Ob-
servations shows that the radii of the clouds lie in the range
from 1 pc to 35 pc with the largest reach a size of 100 pc.
The lifetimes of the clouds with the mean mass are 17 ± 4
Myr Murray (2011). The following values are obtained from
the MC for radius Rc = 6.1+1.4−1.2 pc and lifetime ηc = 6.0
+8.5
−3.6
Myr. These are in a good agreement with the experimen-
tal estimates. The relatively small value of the cloud radius
may be reconciled with the observed larger clouds if we al-
low the large clouds to be inhomogeneous and divided into
MNRAS 000, 1–9 (2018)
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Figure 3. Distributions of the global parameters of star formation, including redshift at which star formation began zi, IMF truncation
mass mmax and SFR scaling factor Csfr
the separate region of star formation. The dust particle den-
sity nd can’t be measured directly but may be derived from
the mass of the cloud. One may derive the star formation
efficiency  = 0.035 which is defined as the ratio between the
mass of the newborn stars in the cloud and the whole mass
of the cloud. The calculation uses common assumption that
the gas to dust ratio is 100. The value of  is in line with
the modern observations Murray (2011).
The last group contains the global parameters of the
Universe, see Figure 3. It includes the redshift of the begin-
ning of the star formation, the mass of the star at which
IMF is truncated and scaling factor for the star formation
rate. We obtained that the EBL does not depend on the
epochs with the redshift 4 < z < 10. Truncation mass is the
maximal mass of the star in our model. We obtain that the
smaller truncation masses are more probable that the bigger
ones. The reasoning for this results is that the massive stars
are too hot and thus overheat the dust. Finally, the star for-
mation rate scaling factor is well constrained and at 1-σ is
1.25+0.44−0.24.
In the calculations above the results of CIBER and ESO
VLT/FOR were used as the upper limits 3. It is practical
MNRAS 000, 1–9 (2018)
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to know how the conclusions of the present paper change
if these results are interpreted as the direct measurements.
For this purpose a separate Markov Chain was constructed.
The account of double-sided CIBER and ESO VLT/FOR
gives the higher value of star formation rate Csfr = 1.76
+0.14
−0.13
and lower values of the radius and lifetime of the clouds
Rc < 3.7 ± 2.0, ηc < 3.1 ± 2.2.
5 CONCLUSION
We present the new flexible model of the EBL which is de-
fined as a function of the astrophysical parameters. It was
shown, that the spectrum based on the common values of
these parameters lies in the experimentally admissible range
and is in a good agreement with the models presented in
literature. Further analysis was devoted to study the spec-
trum dependence on these parameters and set bounds for
each of them. With the help of the Markov Chain Monte
Carlo method we explored the parameter space and set up
constraints on the star formation rate and parameters of the
molecular clouds. Specifically, we have obtained the estimate
of the IMF slope parameter aimf = 2.29+0.15−0.24. Moreover, as-
suming the shape of the SFR from Gilmore et al. (2012) we
obtain that the SFR scaling factor lies in the range from 1.01
to 1.69 at 68% C.L. The latter implies that the models with
the overall decrease of the EBL intensity are constrained
with the observational data.
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Table 1. Mean values and 1-σ C.L. for the MCMC variable parameters in comparison with the value, presented in literature. Dash in
MCMC column means that the model does not depend on this parameter.
Parameter name Symbol MCMC literature
IMF Parameter (M) m0 - 0.079+0.021−0.016 Chabrier (2003)
IMF Parameter D - 0.69+0.05−0.01 Chabrier (2003)
IMF Parameter aimf 2.29+0.15−0.24 2.3±0.3 Chabrier (2003)
Dust Particle Minimal Size (µm) amin < 1.75 ·10−3 -
Dust Particle Maximal Size (µm) amax < 22.8 ·10−3 -
Dust Distribution Slope ndust > 3.83 ∼3.5
Radius of the Cloud (pc) Rc 6.1+1.4−1.2 2.5-100 Murray (2011)
Lifetime of the Cloud (Myr) ηc 6.0+8.5−3.6 ∼10 Murray (2011)
Dust Particle Density (m−3) nd 6.9±2.0 ∼10 Murray (2011)
Optical Depth at 5500 A˚ τλ0 0.59
+0.57
−0.21 ∼1 Charlot & Fall (2000)
Optical Depth Slope n 0.47±0.24 ∼0.7 Charlot & Fall (2000)
Cloud Efficiency (M) M0 85+152−36 -
Redshift of the beginning of the star formation zi - ∼8 Gilmore et al. (2012)
IMF Truncation Mass (M) mmax < 84 ∼100
SFR scaling factor Csfr 1.25+0.44−0.24 ∼1
Table 2. EBL lower limits used in this paper.
λ (µm) Lower Limits (nW/m2/sr) Experiment
0.153 1.03±0.15 Galex Xu et al. (2005)
0.231 2.25±0.32 Galex Xu et al. (2005)
0.36 2.87+0.58−0.42 HDF Madau & Pozzetti (2000)
0.45 4.57+0.73−0.47 HDF Madau & Pozzetti (2000)
0.67 6.74+1.25−0.94 HDF Madau & Pozzetti (2000)
0.81 8.04+1.62−0.92 HDF Madau & Pozzetti (2000)
1.1 9.71+3.0−1.9 HDF Madau & Pozzetti (2000)
1.6 9.02+2.62−1.68 HDF Madau & Pozzetti (2000)
2.2 7.92+2.04−1.21 HDF Madau & Pozzetti (2000)
1.25 11.7±2.6 Subaru Keenan et al. (2010)
1.6 11.5±1.5 Subaru Keenan et al. (2010)
2.12 10.0±0.8 Subaru Keenan et al. (2010)
3.6 5.4±1.4 Spitzer/IRAC Fazio et al. (2004)
4.5 3.5±0.9 Spitzer/IRAC Fazio et al. (2004)
5.8 3.6±0.9 Spitzer/IRAC Fazio et al. (2004)
8.0 2.6±0.7 Spitzer/IRAC Fazio et al. (2004)
24 2.29±0.09 Spitzer/MIPS Bethermin et al. (2010)
70 5.4±0.4 Spitzer/MIPS Bethermin et al. (2010)
70 7.4±1.9 Spitzer/MIPS Frayer et al. (2006)
24 2.0±0.2 Spitzer/MIPS Chary et al. (2004)
70 7.1±1.0 Spitzer/MIPS Dole et al. (2006)
160 13.4±1.7 Spitzer/MIPS Dole et al. (2006)
100 6.33±1.67 Herschel/PACS Berta et al. (2010)
160 6.58±1.62 Herschel/PACS Berta et al. (2010)
250 8.5±0.6 BLAST Devlin (2009)
350 4.8±0.3 BLAST Devlin (2009)
500 2.2±0.2 BLAST Devlin (2009)
250 7.4±1.42 Herschel/SPIRE Be´thermin et al. (2012)
350 4.5±0.9 Herschel/SPIRE Be´thermin et al. (2012)
500 1.54±0.34 Herschel/SPIRE Be´thermin et al. (2012)
APPENDIX A
The numerical implementation of model from Section 2 is
available at https://github.com/Semk0/EBL-model. There
are two possible scenarios of using the code. First, the EBL
spectrum may be constructed with the help of spec.cpp
module. The parameters of the EBL are defined in the
in/param.txt file. One may fine the full description of the
parameters in the spec.cpp file. The second usage scenario
is the optimization of the parameters for the specific EBL
constraints. It is assumed that the data point are separated
into the three categories: upper limits, lower limits and direct
measurements. The program read these points from the fol-
lowing files in/upper_limits.txt, in/lower_limits.txt,
in/direct.txt. The make command compiles the code and
starts optimization.
This paper has been typeset from a TEX/LATEX file prepared by
the author.
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Table 3. EBL upper limits used in this paper.
λ (µm) Upper Limits (nW/m2/sr) Experiment
0.4 11.6±1.7 ESO VLT/FORSE Mattila et al. (2017)
0.52 23.4±4.7 ESO VLT/FORSE Mattila et al. (2017)
1.25 21±15 COBE/DIRBE Levenson et al. (2007)
2.2 20±6 COBE/DIRBE Levenson et al. (2007)
3.5 13.3±2.8 COBE/DIRBE Levenson et al. (2007)
1.25 54±16.8 COBE/DIRBE Cambresy et al. (2001)
2.2 27.8±6.7 COBE/DIRBE Cambresy et al. (2001)
1.4 28.7+5.1−3.3 CIBER Matsuura et al. (2017)
3.6 9.0+1.7−0.9 COBE/DIRBE Levenson & Wright (2008)
2.2 22.4±6.0 COBE/DIRBE Gorjian et al. (1999)
3.5 11.0±3.3 COBE/DIRBE Gorjian et al. (1999)
65 12.5±9.3 Akari Matsuura et al. (2011)
90 22.3±5.0 Akari Matsuura et al. (2011)
140 20.1±3.6 Akari Matsuura et al. (2011)
160 13.7±4.0 Akari Matsuura et al. (2011)
140 12.6±6.0 COBE/FIRAS Fixsen et al. (1998)
160 13.7±6.1 COBE/FIRAS Fixsen et al. (1998)
140 32±13 COBE/DIRBE Schlegel et al. (1998)
240 17±4 COBE/DIRBE Schlegel et al. (1998)
100 12.5±5.0 COBE/DIRBE Wright (2004)
140 22±7 COBE/DIRBE Wright (2004)
240 13.0±2.5 COBE/DIRBE Wright (2004)
Table 4. Direct measurements of the EBL used in this paper.
λ (µm) Direct Measurements (nW/m2/sr) Experiment
0.44 7.9±4.0 Pioneer 10/11 Matsuoka et al. (2011)
0.64 7.7±5.8 Pioneer 10/11 Matsuoka et al. (2011)
240 10.9±4.3 COBE/FIRAS Fixsen et al. (1998)
250 10.3±4.0 COBE/FIRAS Fixsen et al. (1998)
350 5.6±2.1 COBE/FIRAS Fixsen et al. (1998)
500 2.4±0.9 COBE/FIRAS Fixsen et al. (1998)
850 0.5±0.21 COBE/FIRAS Fixsen et al. (1998)
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